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The daily values of weather parameters were calculated by averaging the hourly data and next averaging across the Environment Canada stations situated within 100 km distance from patient's postal code.
Statistics
This study was executed in 2 stages of analysis. In the 1st stage, the case-crossover (CC) design was applied [54] . The CC design, introduced to epidemiology in 1991, and now commonly used in the air pollution studies, has the advantage of neutralizing the confounders of health outcomes as the individual's health characteristics and of reducing the effects of slowly varying covariates (e.g., seasonal effects) [54] [55] [56] . The CC method has aspects of the case control analysis: it applies controls. A patient's exposure on the day of his/her visit to ED is compared to the patient's exposure on pre-defined other days, when it is anticipated he/she was not seeking professional help at ED. In this study, the control days were selected in the month of patient's visit to the ED and they matched the day-of-week parameter of the visit (thus, each case was presented with 3 or 4 controls). The p-values less than 0.05 were considered statistically significant. The results of CC analysis were reported as odds ratios (OR) and their 95% confidence intervals (CI). The odds ratios were calculated separately for each pollutant in each city, using the Cox proportional hazard regression (PROC PHREG) procedure in SAS Visual Analytics (Enterprise Guide, version 4.2). The modeling was performed feeding into the models the pollution variables and meteorological factors lagged by the same number of days, from 0 to 8 days. At the 2nd stage of analysis, the per-city estimates were combined, by performing meta-analysis of the estimates of Diseases (tenth revision) -ICD-10 codes H10), which stands for the outcome variable, with the daily levels of ambient air pollutants -nitrogen dioxide, ozone, fine particulate matter -which represent the exposure variables. In similar research, weather variables are routinely controlled for as confounding; we controlled the contributions of the most important confounders of the health outcomes: temperature and humidity.
MATERIAL AND METHODS

Health data
The data pertaining to ED visits were retrieved from the National Ambulatory Care Reporting System (NA-CRS). The NACRS contains information collected at the time of healthcare service from participating hospitals, and includes information on day and night surgeries, on services provided in outpatient clinics, and the ED data for all hospital and community-based ambulatory care [52] . The cases of conjunctivitis in the ED reporting are distinctly coded (with symbol H10 (ICD-10)); that enabled creating the daily counts of the visits. Data were assembled from hospitals in 9 cities in Ontario, Canada: Algoma, Halton, Hamilton, London, Ottawa, Peel, Toronto, Windsor, and York. The study time period is April 2004 -December 2011, almost 7 years.
Environmental data
Air pollution data were obtained from Environment Canada's National Air Pollution Surveillance Program (NAPS) [53] . The locally observed daily level of a pollutant was defined as the daily average of its hourly readings at a NAPS station. A patient's daily exposure to a pollutant was defined by the average of the pollutant's daily levels at the NAPS stations situated within 35-km perimeter from the patient's residence (identified by patient's postal code). The ambient pollution's measurements were completed for ozone (O 3 ), nitrogen dioxide (NO 2 ), fine particulate matter (PM) with a median It can be seen that majority of the visits have assigned diagnostic "unspecified conjunctivitis" (ICD-10 code H10.9). The number of visits is higher in the warm season (58%) than in the cold season and higher for females (52%) than for males. Table 2 shows the characteristics of relative humidity and temperature of all involved cities. Table 3 shows the descriptive air pollution statistics, by city.
and their standard errors, in order to characterize the overall effect relevant to all cities. Applying fixed-effects modeling (assuming that the individual estimates reflect action of the same underlying factor), the pooled estimators and their standard errors were calculated. The computational tasks were executed using the R language facility [57] . It is to be noted that fixed-effect analysis allows for a more precise estimate of the associations between exposure and public health outcomes -by pooling the results across multiple studies [58] . Figure 1 shows the numbers (counts) of ED visits for conjunctivitis (N = 77 439) stratified by sex and by age from 0 to 98 years. The patients 98 years old and older are included in the 98-year category. In Table 1 , there appears the season category; this category is defined as cold weather months (October-March) or warm weather months (April-September). The table shows the number of the ED visits -stratified by sex, season, city, and ICD-10 code -that occurred in the period of OR -odds ratio; CI -confidence intervals. Other abbreviations as in Table 3 .
RESULTS
Fig. 2. All-season fixed-effect exposure and emergency department (ED) visit estimates -pooling among 9 cities in Ontario AIR POLLUTION AND ED VISITS FOR CONJUNCTIVITIS O R I G I N A L P A P E R IJOMEH 2016;29(3) 387
The results of pooling the fixed-effect estimates (timeindependent population-average pollution effects on conjunctivitis) throughout the 9 cities are presented in Figure 2 , separately for males (left panel) and females (right panel). The ORs and their 95% CI were calculated taking the interquartile range (IQR = 75-25th percentiles) for the unit increase in a pollutant's level. Table 4 gives a summary of the positive results: the delays between increases in exposure and the most significant increases in the numbers of ED visits (per unitary increase in the exposure); the risks are estimated in diverse population strata.
DISCUSSION
Investigation of the impact of exposure to ambient air pollution on the frequency of ED visits for conjunctivitis reveals many significant associations between recent (during the preceding week) exposure events and variations in the frequency of the visits. Similar multi-city studies have been conducted in Taiwan, where the air pollution concentrations are much higher [21] . Single-site studies have been completed in Edmonton, Alberta, Canada, and in Paris, France [17, 23] . This study, besides providing corroborating evidence with previously published studies, adds to the current science in several important ways: this is one of the largest multicity studies in North America concerning air pollution and ED visits for conjunctivitis, it investigates the latency, up to 8 days, in exposure effects, and it stratifies results by gender and age. All 4 pollutants were found responsible for increases in counts of ED visits for conjunctivitis in the male population, while episodes of higher NO 2 or PM 2.5 were correlated with increases in the ED counts when investigating the conjunctivitis cases in the female population.
There are apparent differences in health outcomes in male vs. female population and in younger vs. older population. The most evident factors differentiating health outcomes in different populations are dissimilar exposures (possibly Abbreviations as in Figure 2 and Table 3 .
OR and their 95% CI estimated for one interquartile range. Lags with positive results are listed and the largest OR (95% CI) with the corresponding lag {m} is shown.
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388 study, however, their method could not find the strongly delayed (7 days) effects in the female population of the NO 2 and PM 2.5 exposures. By analyzing genders separately, we can see that, in the female population, the odds of ED visit for conjunctivitis immediately after exposure to NO 2 are small and that the odds were increasing with time. This scenario results, arguably, from a developing infection rather than from an accumulating exposure. The Paris study (30 883 patients) [23] reported that levels of NO 2 were correlated with conjunctivitis and ophthalmological ED visits occurring 2 days after exposure. They took into account additional weather parameter, the wind strength, which appears to strongly influence the development of eye infections. Nevertheless, the overall conclusions are well related to the findings of our study.
Conjunctivitis is a common childhood condition [43, 46, 47] causing frequent ED visits of young patients; in our data, the frequency peaks at age 1, for both genders. The incidence then steadily decreases until the mid-teen years. From the mid-teens through older adulthood, more females visited the ED for conjunctivitis than males. A 2nd peak, and plateau, is seen in both genders from early adulthood until middle-age, with a subsequent steady decrease in the ED numbers after the age of 47 for males and 54 for females. It is plausible that both biological and social gender differences cause different trends in the 2 sexes. For example, the age where female visits outnumber male visits coincides with puberty, a trend mirrored in allergy and asthma prevalence [59, 60] . Further research is needed to clarify how gender-related biological mechanisms or gendered social norms condition human organism's responses to the ambient pollutants. Personal aspects as hygienic habits [61] , wearing of eye cosmetics, caretaking roles -increased exposure to infections from children -and time spent outdoors vs. staying home, are considered important factors in conjunctivitis morbidity. The striking difference between genders: quite delayed (7 days) effect of exposure to NO 2 in the female due to unalike ways of active life) and different physiological sensibilities to the pollution factors affecting health (and many possible cofactors, as ultraviolet (UV) radiation, weather events, and allergens). Different sensibilities may cause distinctly differentiated delays in pollution health effects. For example, the negative significant results detected in the female stratum could be the result of harvest phenomena which may be caused by greater exposure-to-effect latency in the female population, which, in turn, may be a result of specific skin self-care patterns in the female population. Also, exposure -health effect associations are stronger in the group of younger persons (17 or younger, especially in the cases of exposure to O 3 and PM 2.5 , where significant positive results were found for all exposure lags). This suggests that children and young adults are more vulnerable to conjunctivitis infections. The Edmonton study found statistically significant O 3 impacts only in the female population [17] ; this study finds the impacts in the male stratum only. The differences between studies in gender-specific outcomes may have different origins: the former study used version 9 of the ICD codes, and included only results of unspecified conjunctivitis, while this study deals with broader range of the conjunctivitis cases: those flagged by diagnosis code "10." Also, the applied statistical methods are different. However, the gender-specific different outcomes may require an additional study. The Taiwan multi-city study [21] , which applies the random-effects approach to the meta-analysis rather than the fixed-effects tactic, corroborates the thesis that high levels of air pollutants (NO 2 , SO 2 , O 3 and PM 10 ) increase the chances of an ED visit, in the immediate post-exposure period, for the patients suffering from nonspecific conjunctivitis. However, the study tested the cumulative exposure, accumulated in the period of up to 5 days preceding the ED visit. The Taiwan study [21] conjunctivitis [37, 38] , a cost-benefit analysis may be of the essence in future studies. The findings from this study must be interpreted in light of the limitations that are commonplace in the population based investigations of the air pollution that intensify health services utilization. First, there is a risk of an ecological fallacy in pollutant exposure data: the centralized air monitor data represent the average population exposure to pollution, and not personal exposure. Thus, individual variability in exposure introduces measurement error. However, this common exposure misclassification has been shown to underestimate the risk, so our results are likely conservative estimates of the true effect [73] . Currently, the cost and availability of personal exposure monitoring for multi-city studies does not present a feasible alternative. In addition, each lag (0-8 for each pollutant) requires a separate statistical test on the same data, increasing the risk for spurious results (type I error). Still, pooling data using the meta-analysis and meta-regression technique serves to limit this potential statistical error [58] . Finally, this study demonstrates correlation, not causation, between air pollutants and ED visit for conjunctivitis. It is likely that our study underestimated the effect of air pollution on conjunctivitis. In the studies in Edmonton, Taiwan, and Paris much stronger exposure impacts have been seen. The higher results are arguably the large-city effect; the multi-city fixed effects are less visible among smaller, widely distributed towns. Also social differences, as self-care habits vs. accessibility of professional help, may play important role. Since most interventions for conjunctivitis involve self-care and products purchased over-the-counter [37, 38] , the relationships reported in this study can be expected to represent more extreme cases of conjunctivitis which cause ED utilization. Also, individuals are exposed to a multi-pollutant environment, with many compounds that are not measured by current air monitoring stations; the individual pollutants measured in this study may also serve as a proxy for unmeasured pollutants, or a multi-pollutant mixture.
population vs. immediate reaction to the exposure among males, may be explained by the feminine tendency to treat most of eye irritations at home with over-the-counter and self-care methods [37, 38] . It is plausible that the low level of irritation, if any, on the day of exposure is most amenable to self-care interventions, while sub-clinically increasing the risk for later infection or allergic irritation [44] . It is noteworthy that when taking into account both genders, the strongest effects of an exposure to nitrogen dioxide occurred 5-7 days after exposure; this timeframe coincides with the typical incubation period for viral (5-12 days) and bacterial (1-7 days) conjunctivitis [40] .
There is progressing understanding of the mechanisms by which air pollution impacts eye health. Several advancing, mechanistic theories are supported by preliminary empirical data from a number of studies [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] 40] . Allergic inflammation of the respiratory tract (evidenced by allergic asthma attacks) and eyes are highly correlated with air pollution levels [62, 63] . The pollution increases oxidative stress, thus impeding the antioxidant defenses of the eye and inducing a cycle of inflammation and irritation, which strengthens allergen response, leading to clinical allergic conjunctivitis [64] . Higher levels of ambient air pollution may increase the sensitivity to other common allergens [65, 66] . In addition, particulate matter may transport infectious agents from the environment directly into the eye [67] . Temporal associations between air pollutants and disruptions in homeostasis of the eye's tear film, ocular mucosa, ocular surface, and eyelid margins were reported in many publications [30, 36, 39, [48] [49] [50] [68] [69] [70] . Arguably, patients with chronic tear film instability are more susceptible to bacterial infections; it is unclear if the acute impact from air pollution also increases this risk [71, 72] . Further studies are required to better understand the linkages between conjunctivitis and air pollution, and to determine the long term effects of air pollutants on the eye, which are largely unknown [23] . Because of the substantial underlying social costs associated with the occurrences of 
CONCLUSIONS
Conjunctivitis is a common population health burden with costs that include reduced quality of life, unnecessary antibiotic use, and lost school/work productivity impacts. This study supports the thesis that there is an association between ambient air pollution and the incidence of conjunctivitis across Ontario, Canada. Impacts of an exposure and the timing of health effects vary between sexes and ages. High-precision study is needed to determine the most important biological and social modifiers of the exposure-tohealth effects path, wherein the pathogenesis, prevalence, and severity of allergic and infectious conjunctivitis are researched.
